Next-generation sequencing is a powerful tool for virological surveillance. While 29 Illumina® and Ion Torrent® sequencing platforms are used extensively for generating 30 viral RNA genome sequences, there is limited data comparing different platforms. We 31 evaluated the Illumina MiSeq, Ion Torrent PGM and Ion Torrent S5 platforms using a 32 panel of sixteen specimens containing picornaviruses and human caliciviruses 33 (noroviruses and sapoviruses). The specimens were processed, using combinations of 34 three library preparation and five sequencing kits, to assess the quality and 35 completeness of assembled viral genomes, and an estimation of cost per sample to 36 generate the data was calculated. The choice of library preparation kit and sequencing 37 platform was found to impact the breadth of genome coverage and accuracy of 38 consensus viral genomes. The Ion Torrent S5 outperformed the older Ion Torrent PGM 39 platform in data quality and cost, and generated the highest proportion of reads for 40 enterovirus D68 samples. However, indels at homopolymer regions impacted the 41 accuracy of consensus genome sequences. For lower throughput sequencing runs (i.e., 42 Ion Torrent 510 or Illumina MiSeq Nano V2), the cost per sample was lower on the 43 MiSeq platform, whereas with higher throughput runs (Ion Torrent 530 or Illumina MiSeq 44 V2) the cost per sample was comparable. These findings suggest that the Ion Torrent 45 S5 and Illumina MiSeq platforms are both viable options for genomic sequencing of 46 RNA viruses, each with specific advantages and tradeoffs.
) was within the output ranges claimed 214 by manufacturers, with two exceptions. For the Ion Torrent PGM runs (PD6 and PD8), 215 where the total yield was roughly a third of that expected, decreased yields were likely 216 due to less efficient chip loading and lower proportions of clonal and useable reads with 217 the PGM platform relative to the newer S5 platform (Table S5) Table S6 , p<0.0001).
233
There was also a significant difference in the proportion of host reads removed for stool proportion of viral reads per sample ( Figure 3A ). Regardless of whether duplicate reads 246 were considered, the greatest proportion of viral reads were observed for polio samples 247 ( Figure 3B) , whereas low sequencing yields were obtained for EV-D68 samples despite 248 the high titer of virus measured in the original specimens (Ct values of 17 to 21.6 using 249 an EV-D68-specific qPCR assay, Table S1 ). Illumina datasets prepared using the Kapa HyperPlus kit (MKN and MK5) (Dataset S1, p<0.0001). For Ion Torrent PGM datasets, 287 PD6 coverage patterns were consistently most similar to PD8. Interestingly, PD8 288 datasets were also very similar to SDS datasets, with PD8 datasets demonstrating the 289 strongest correlation to SDS datasets for 10 of 14 viruses with sufficient coverage for 290 comparison (Supplemental Dataset S1). The E-gel size selection (prior to library 291 pooling) may have influenced the final distribution of fragment sizes, leading to 292 differences in the coverage patterns between SDG and SDS datasets.
294

Accuracy of Viral Consensus Genome Sequences
295
Indels were observed in genome consensus sequences generated from Ion Torrent 296 datasets, even in areas with high read coverage. Indels (insertions) in Ion Torrent S5 297 datasets were observed in two locations for Polio-5 and Polio-6 samples, and one 298 location for Polio-7 and Polio-8 samples ( Figure 5 ). These locations correspond to 299 homopolymer runs of seven or eight C residues for poliovirus type 1, and a 300 homopolymer run of six A residues for poliovirus type 3 (Table S9) . At some positions, 301 an indel was observed in only one of the two Ion Torrent S5 datasets (SDS or SDG). In 302 these scenarios, the indel frequency was still high for both datasets, but only one 303 exceeded the 50% threshold where an indel would be called in the final majority 304 consensus. Indels in consensus sequences were also observed in Ion Torrent datasets 305 for norovirus, parechovirus, and sapovirus samples (Table S9 ). While indels for SDS 306 and SDG sequences were always single-nucleotide insertions at areas of homopolymer 307 repeats, indels detected in PD6 and PD8 consensus sequences did not always occur at 308 repeat regions and were often deletions rather than insertions. The calculated cost per sample decreased substantially with increased levels of 312 multiplexing, particularly at moderate levels of multiplexing ( Figure 6 ). As multiplexing 313 levels were increased, the cost per sample reached a plateau, since certain reagent 314 costs will always scale linearly with the number of samples processed. This includes the 315 cost of pretreatment, reverse transcription, library preparation, and nucleic acid 316 quantitation/quality control consumables (Table S10) kit. This was particularly prominent for caliciviruses, where even KAPA datasets with 355 lower total read output had better breadth of genome coverage than Nextera XT 356 datasets (e.g., MKN, SDG, and SDS datasets vs. MNN, and MK5 vs MN5). The 357 required tagmentation/fragmentation step in the Nextera XT protocol likely leads to a 358 greater loss of coverage over genome termini due to sequence selection bias (37-39).
360
Indels were observed in eight consensus genomes for the Ion Torrent S5 datasets, and 361 six consensus genomes for the Ion Torrent PGM datasets. It is well documented that 362 the predominant base-call error produced by Ion Torrent semiconductor sequencing 363 platforms is indels, particularly after long homopolomeric stretches (8, 16, 17, 40) .
364
Interestingly though, high-frequency indels observed in the PGM datasets (PD6, PD8) 365 were almost always deletions rather than insertions, and were not typically associated specimens such as stool, it is advisable to limit sequencing runs to 16-24 samples on a 395 standard MiSeq or Ion Torrent 530/540 run. Even lower multiplexing levels (or 396 sequencing kits with greater output) would be necessary for sequencing of EV-D68 from 397 nasal swabs. In these situations, a targeted NGS method, such as generating EV-D68 398 amplicons prior to library preparation and sequencing, is likely the most cost-effective 399 option (42, 43) . Ideally, researchers should strive to sequence as many samples as 400 possible on a run, as multiplexing dramatically decreases the cost per sample.
401
Researchers may also decrease the cost through reducing library preparation reaction 402 volumes, as this is typically the most costly step in NGS preparation (Table S10) and caliciviruses) were evaluated in this study. SISPA was used for random reverse 411 transcription for all datasets which likely influenced the pattern of genome coverage to a 412 greater degree than the library preparation or sequencing platform used. Despite the 413 documented biases of SISPA, this method is still commonly used for RNA viruses, 414 especially for samples where enrichment of RNA is necessary to obtain enough starting 415 material for library construction (48). We also did not evaluate any targeted NGS 416 methods, which are likely more effective when performing routine sequencing for 417 particular viral pathogens (49). Nevertheless, this study complements previous research 418 investigating the utility of Ion Torrent and Illumina platforms (8, 13, (17) (18) (19) (50) (51) (52) (53) (54) . As 419 more public health laboratories begin to implement NGS, these results provide 420 important considerations in weighing the advantages and disadvantages of using a 421 particular sequencing platform or library preparation kit for performing metagenomic 422 sequencing of RNA viruses. and Ion Torrent S5 platforms. Abbreviations for each dataset based on the type of library kit and sequencing kit/cartridge used: NexteraXT 500v2 (MK5), 612
NexteraXT Nano 500v2 (MNN), KAPA HyperPlus 500v2 (MK5), KAPA HyperPlus Nano 500v2 (MKN), KAPA DNA Ion Torrent 316v2 (PD6), KAPA DNA Ion 613 Torrent 318v2 (PD8), KAPA DNA Ion Torrent S5 510 SPRI Size Selection (SDS), KAPA DNA Ion Torrent. 510 E-Gel Size Selection (SDG). *Ion Chef loading is 614 only performed for Ion Torrent sequencing runs. 615
